Abstract: Coordinated Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is a significant improvement of TOPSIS, which take into account the coordination level of attributes in the decision-making or assessment. However, in this study, it is found that the existing coordinated TOPSIS has some limitations and problems, which are listed as follows. (1) It is based on modified TOPSIS, not the original TOPSIS. (2) It is inapplicable when using vector normalization. (3) The calculation formulas of the coordination degree are incorrect. (4) The coordination level of attributes is interrelated with the weights. In this paper, the problems of the existing coordinated TOPSIS are explained and revised, and a novel coordinated TOPSIS based on coefficient of variation is proposed to avoid the limitations. Comparisons of the existing, revised, and proposed coordinated TOPSIS are carried out based on two case studies. The comparison results validate the feasibility of the proposed coordinated TOPSIS.
Introduction
The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is a classical multi-attribute decision-making method, which was first put forward by Hwang and Yoon in 1981 [1] . This method attempts to rank the alternatives by calculating their distances from the ideal solution (IS) and the negative ideal solution (NIS) and selects the optimum one that should simultaneously have the shortest distance from the IS and the farthest distance from the NIS. TOPSIS has been successfully applied in various fields [2] [3] [4] such as environmental risk assessment [5] , water quality assessment [6] , disaster risk management [7, 8] , supplier selection [9] , real estate management [10, 11] , and sustainability assessment [12] due to the fact that it features a simple principle, easy understanding, and strong capacity to integrate other methods.
Although TOPSIS has many advantages, many scholars have found that it has some limitations for application and put forward some improvement approaches. For example, when alternatives are described by statistically connected criteria, the application of TOPSIS may cause improper ranking results [13] . To avoid this problem, Antuchevičienė et al. (2010) suggested using the Mahalanobis distance instead of Euclidean distance for TOPSIS [13] . Yang and Wu (2019) pointed out that TOPSIS does not consider the data distribution of the degree of dispersion and aggregation when it is compared with the IS and the NIS and proposed a novel TOPSIS based on improved grey relational analysis [14] . Chen's research suggests that when the alternatives are added or reduced, the problem of rank reversal will occur. To void this problem, the absolute IS and the absolute NIS should be used [15] . Considering that TOPSIS lacks evaluation from the perspective of attribute coordination, Yu et al. (2018) proposed coordinated TOPSIS, which takes into account the coordination level of attributes [16] .
Methods

The Existing Coordinated TOPSIS
The coordinated TOPSIS proposed by Yu et al. [16] not only takes into account the advantages of TOPSIS, but also can evaluate the coordination level of attributes. However, it should be noted that the TOPSIS adopted in [16] is not the original TOPSIS proposed by Hwang and Yoon in 1981 [1] but modified TOPSIS [19, 20] . Therefore, the coordinated TOPSIS proposed by Yu et al. [16] should be called coordinated modified TOPSIS (CM-TOPSIS).
The Principles of CM-TOPSIS
The procedure of CM-TOPSIS consists of the following seven steps [16] :
Step 1: Construct the decision matrix R = r ij , where r ij is the value of the jth attribute of the ith alternative; i = 1, 2, . . . , m; j = 1, 2, . . . , n.
Step 2: Normalize the decision matrix R. Two normalization methods are used in CM-TOPSIS [16] , not vector normalization (VN) suggested by Hwang and Yoon [1] .
For the-bigger-the-better attribute, maximum normalization (MN) is used, which is to divide the values of an attribute by the maximum value of the attribute in all the alternatives. The calculation equation of MN is written as follows:
where x ij is the normalized value of r ij , max i r ij is the maximum value of the jth attribute in all the alternatives. For the-smaller-the-better attribute, min-max normalization (MMN) is used to transform it to be the-bigger-the-better attribute. The calculation equation of MMN is written as follows:
where min i r ij is the minimum value of the jth attribute in all the alternatives. It should be noted that the calculation equation of MMN was written incorrectly in [16] .
Step 3: Determine the IS A + and the NIS A − . As MN and MMN are used in Step 2, all the attributes will change to the-bigger-the-better attributes after normalization and the IS A + is
3 of 17
To establish a unique coordination reference standard, an absolute NIS is adopted in CM-TOPSIS [16] . The NIS A − is
Step 4: Calculate the weighted Euclidean distance of each alternative from the IS and the NIS by the following equations:
where w j is the weight of the jth attribute.
Step 5: Calculate the relative closeness (RC) to the IS for each alternative by the following equation:
Step 6: Calculate the coordination degree (CD) of attributes by the following equations: For unweighted modified TOPSIS:
where θ i is the angle between the line from the origin to a point (represents an alternative) and the line from the origin to the IS; p i is the CD of attributes. For weighted modified TOPSIS:
Step 7: Calculate the comprehensive evaluation value by the following equation:
where v is the weight of the CD. If the decision or assessment is to encourage the coordinated development of the attributes, v must be greater than or equal to 0.5 [16] . Then, the alternatives can be ranked with respect to their comprehensive evaluation values. A larger comprehensive evaluation value of an alternative indicates that the alternative is relatively better.
The Limitations and Problems of CM-TOPSIS
Although CM-TOPSIS takes into account the coordination level of attributes, which is a significant improvement of TOPSIS, it still has some limitations and problems.
(1) CM-TOPSIS is not based on the original TOPSIS. The TOPSIS adopted in [16] is not the original TOPSIS proposed by Hwang and Yoon in 1981 [1] , but modified TOPSIS [19, 20] . In the original TOPSIS, the attribute weights are used to weight the normalization value x ij . In this case, Equations (5) and (6) should be written as follows.
Deng et al. [19] used the weighted Euclidean distances instead of the Euclidean distances that are calculated based on the weighted decision matrix. Equations (5) and (6) are the weighted Euclidean distances. The TOPSIS using weighted Euclidean distances is called modified TOPSIS [19, 20] . Compared with modified TOPSIS, the original TOPSIS is more frequently used for decision-making and assessment. Therefore, it is significant to establish a coordinated TOPSIS based on the original TOPSIS.
(2) CM-TOPSIS is inapplicable when using VN. When TOPSIS was proposed, VN was suggested as the normalization method [1] , which is frequently used for TOPSIS [21] [22] [23] . However, in some studies, VN was replaced by other normalization methods when using TOPSIS, such as MMN [24] [25] [26] .
An important prerequisite for the application of CM-TOPSIS is that the IS is {1, 1, . . . , 1} and the NIS is {0, 0, . . . , 0}. If MMN is used for CM-TOPSIS, this prerequisite can be satisfied. However, if VN is used, the IS is not always {1, 1, · · · , 1}, and the NIS is not always {0, 0, · · · , 0}. In this case, the prerequisite of CM-TOPSIS cannot be satisfied and the calculate formulas of the CD are inapplicable. Since VN is the most frequently used normalization method for TOPSIS, it should be taken into account in establishing coordinated TOPSIS.
(3) The calculation formulas of the CD are incorrect. For unweighted modified TOPSIS, taking two-dimensional space as an example, the CD is illustrated in Figure 1 . In Figure 1 , point N represents an alternative that is described by two attributes. 
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The TOPSIS adopted in [16] is not the original TOPSIS proposed by Hwang and Yoon in 1981 [1] , but modified TOPSIS [19, 20] . In the original TOPSIS, the attribute weights are used to weight the normalization value . In this case, Equations (5) and (6) should be written as follows.
(2) CM-TOPSIS is inapplicable when using VN.
When TOPSIS was proposed, VN was suggested as the normalization method [1] , which is frequently used for TOPSIS [21] [22] [23] . However, in some studies, VN was replaced by other normalization methods when using TOPSIS, such as MMN [24] [25] [26] .
An important prerequisite for the application of CM-TOPSIS is that the IS is {1, 1, …, 1} and the NIS is {0, 0, …, 0}. If MMN is used for CM-TOPSIS, this prerequisite can be satisfied. However, if VN is used, the IS is not always 1,1, ⋯ ,1 , and the NIS is not always 0,0, ⋯ ,0 . In this case, the prerequisite of CM-TOPSIS cannot be satisfied and the calculate formulas of the CD are inapplicable. Since VN is the most frequently used normalization method for TOPSIS, it should be taken into account in establishing coordinated TOPSIS. For unweighted modified TOPSIS, taking two-dimensional space as an example, the CD is illustrated in Figure 1 . In Figure 1 , point N represents an alternative that is described by two attributes. The values of the two attributes are XN and YN, respectively. Point A (1, 1) represents the IS and origin O (0, 0) represents the NIS. OA is the 45° line (coordination line). A point located on the 45° line means that the attributes represented by the point are completely coordinated. The size of ∠NOA indicates the coordination level of attributes. Assuming that point N is located on the 45° line, it can be easily obtained that XN = YN. Plugging XN = YN into Equation (8) gives Figure 1 . Calculation of the coordination degree (CD) [16] .
According to the calculated result of Equation (16) , point N should be located on the X or Y axis, which is contradictory to the assumption (N is located on the 45 • line). Thus, Equation (8) is incorrect. According to the calculation formula of the angle between two vectors in Euclidean space, the correct calculation formula of cos(θ i ) is
Yu et al. (2018) used p i = (45 • − θ i )/45 • to indicate the coordination level of attributes [16] . In two-dimensional space, the maximum θ i is 45 • , however, in multi-dimensional space, the maximum θ i is larger than 45 • . In this case, p i is less than zero, which is irrational. Thus, Equation (9) is incorrect. Equation (11) can be used to replace Equation (9) .
For weighted modified TOPSIS, the calculation formula of cos(θ i ) is interrelated with the attribute weights, as shown in Equation (10) . Assuming that the normalization values of all the attributes are equal for an alternative, Equation (10) can be written as
Equation (18) indicates that even if the normalization values of all the attributes are equal, the attributes are not coordinated. This means that the attributes of the alternative represented by the IS {1, 1, . . . , 1} are also not coordinated. For example, a student gets full marks in both Chinese and mathematics. Only considering these two courses, no matter what weight is, it can be obtained that cos(θ) = 1/2, θ = 60 • and p i = 0.333 < 1. This indicates that the student's learning is very unbalanced in Chinese and mathematics, which is inconsistent with the actual scores. Therefore, the calculation formula of cos(θ i ) for weighted modified TOPSIS is incorrect.
Equations (5) and (6) can be written as
In this case, an equivalent IS is
, and an equivalent point that represents an alternative is
Obviously, if an equivalent point is located on the line from the equivalent NIS to equivalent IS, the attributes of the alternative represented by the point are completely coordinated. According to the calculation formula of the angle between two vectors in Euclidean space, cos(θ i ) can be calculated by the following equation:
Assuming that the normalization values of all the attributes are equal for an alternative, Equation (21) can be written as
Equation (22) indicates that if the normalization values of all the attributes are equal, the attributes are completely coordinated. Thus, Equation (10) should be replaced by Equation (21) when using weighted modified TOPSIS.
If the original TOPSIS is adopted to establish coordinated TOPSIS, Equation (21) (23) (4) The coordination level of attributes should be independent of weight. The weight of an attribute represents the importance of the attribute in decision-making or assessment, but not the importance in the evaluation of coordination level. The coordination level of attributes should be independent of weight, and be evaluated based on the values of attributes. However, Equations (10), (21), and (23) all indicate that the coordination level of attributes is interrelated with the weights, which may cause an irrational result. For example, a student's learning performance is always evaluated based on the scores in the exam, experiment and class discussion. Assuming that there are three students for evaluation, the scores of the three students are listed in Table 1 . The weights of the exam, experiment, and class discussion are 0.6, 0.3, and 0.1. An absolute NIS is adopted, which is {0, 0, · · · , 0}. Equations (11) and (23) are adopted to calculate the CD. The coefficients of variation (CV) are also calculated for comparison. In terms of the scores, it can be easily judged that the coordination level of Zhang in the three aspects is higher than that of Wang. The CV for the scores of Zhang is 0.088, which is much smaller than that of Wang. However, from Table 1 , the CD for the scores of Wang is 0.947, which is larger than that of Zhang. This means that the coordination level of Wang in the three aspects is higher than that of Zhang. A student with a high coordination level of learning should not have a bad performance in class discussion. The contradictory results are caused by the attribute weight. The small weight of 0.1 results in that the score of class discussion has little effect on the coordination level. Even if the score of class discussion is small, a high coordination level can be also obtained. Therefore, the coordination level of attributes should be independent of weight. If the decision-maker believes that the importance of attributes in the evaluation of coordination level is the same as that in decision-making or assessment, the weight should be taken into account in the coordination level. In this case, Equations (21) and (23) can be used. 
A Novel Coordinated TOPSIS
In this study, the calculate formulas of the CD for CM-TOPSIS are revised. However, the application of the revised formulas has the same prerequisite as that of the original formulas, which is the IS is {1, 1, . . . , 1} and the NIS is {0, 0, . . . , 0}. To avoid this prerequisite and the limitations of CM-TOPSIS, a novel coordinated TOPSIS is proposed in this study.
Original TOPSIS
In this study, the original TOPSIS is adopted to establish the coordinated TOPSIS. The procedure of the original TOPSIS consists of the following six steps [1]:
Step 2: Normalize the decision matrix R using vector normalization. Other normalization methods can also be used as needed.
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Step 3: Calculate the weighted normalized decision matrix V = v ij by the following equation:
where w j is the weight of the jth attribute; x ij is the normalized value of r ij .
Step 4: Determine the IS A + and the NIS A − :
where J = j = 1, 2, · · · , n j associated with the − bigger − the − better attribute , J = j = 1, 2, · · · , n j associated with the − smaller − the − better attribute .
Step 5: Calculate the Euclidean distance of each alternative from the IS and the NIS by the following equations:
Step 6: Calculate the RC to the IS for each alternative using Equation (7).
Evaluation of the Coordination Level of Attributes
Obviously, if a point is located on the line from the NIS to the IS, the attributes of the alternative represented by the point are completely coordinated. In this case, the following equation can be obtained.
Plugging Equation (24) into Equation (29) gives
where
, · · · , x − n are the IS and the NIS without the attribute weights, respectively.
Supposing that z ij =
, Equation (30) can be written as
If x + j = 1 and x − j = 0, Equation (31) can be written as
If Equation (31) holds true, the attributes are completely coordinated. Obviously, a large difference among Z = {z i1 , z i2 , · · · , z in } means a low coordination level of attributes. Therefore, in this study, the diversity of Z is used to indicate the coordination level of attributes, which is independent of weight. The CV and information entropy (IE) are the two frequently used indicators to measure the diversity of data [27] . In this study, the CV is used to evaluate the coordination level of attributes. The CV can be calculated by the following equation [28] :
where σ j is the standard deviation of Z; µ j is the mean value of Z. The minimum value of the CV is 0, which indicates that the attributes are completely coordinated. The smaller the CV is, the more coordinated the attributes are.
As a comparison, the IE is also used to evaluate the coordination level of attributes. The calculation steps of the IE are described as follows:
Step 1: Normalize Z by the following equation:
Step 2: Calculate the IE of Z by the following equation:
where K = 1/ ln n. In particular, when
The maximum value of the IE is 1, which indicates that the attributes are completely coordinated. The larger the IE is, the more coordinated the attributes are.
In order to combine the RC and CV, the CV needs to be normalized. As the CV is the-smaller-the-better indicator, the following equation is proposed to calculate the comprehensive evaluation value.
If the IE is used, the comprehensive evaluation value can be calculated by the following equation:
Then, the alternatives can be ranked or selected with respect to their comprehensive evaluation values. In this study, the coordinated TOPSIS based on the CV is abbreviated as C-TOPSIS-CV, and the coordinated TOPSIS based on the IE is abbreviated as C-TOPSIS-IE.
Since the coordination level of attributes is independent of weight, Equations (36) and (37) can be also used for modified TOPSIS [19, 20] to establish coordinated modified TOPSIS. In this study, the coordinated modified TOPSIS based on the CV is abbreviated as CM-TOPSIS-CV, and the coordinated modified TOPSIS based on the IE is abbreviated as CM-TOPSIS-IE.
Results and Discussions
Case 1: Evaluation of Journals
To illustrate the problem of CM-TOPSIS and compare the CV and IE in evaluating the coordinated level of attributes, the evaluation of JCR2016 robotics journal in [16] is taken as an example. In [16] , CM-TOPSIS is used to evaluate the journals. Therefore, in this study, CM-TOPSIS-CV and CM-TOPSIS-IE are adopted to evaluate the journals for comparison. The same indicators, weights, and normalization methods as in [16] are adopted when using CM-TOPSIS-CV and CM-TOPSIS-IE. The absolute NIS is also used, which is {0, 0, · · · , 0}. The weight of the CV is set to 0.5, and the weight of the CD or CV or IE is also 0.5. As Equation (10) is incorrect, Equation (21) is also used to calculate the CD. The CM-TOPSIS using the revised calculation formula (Equation (21)) is called revised CM-TOPSIS. The evaluation results of the several methods are listed in Tables 2 and 3 . In [16] , all the attributes are set to the same weight (w j = 1/n). In this case, Equation (21) can be transformed to Equation (17) , which means that the coordinated level determined by revised CM-TOPSIS is independent of weight. Therefore, for this example, the coordinated level determined by revised CM-TOPSIS can be compared with that determined by CM-TOPSIS-CV and CM-TOPSIS-IE.
From Table 2 , the calculated results of θ i and CD have great difference between CM-TOPSIS and revised CM-TOPSIS. For CM-TOPSIS, the CD varies in a narrow domain [0.107, 0.212], which indicates that the coordination level of attributes is low and the difference among the journals is small. However, for revised CM-TOPSIS, the CD varies in a wide domain [0.334, 0.872], which indicates that the difference of the coordination level among the journals is large, and some journals have high coordination level of attributes. Taking the CV as a reference, from Table 3 , the CV also has a wide domain [0.203, 1.752], and the largest CV is more than nine times as much as the smallest CV, which also indicates that the difference of the coordination level among the journals is large. Therefore, the calculated results of CM-TOPSIS [16] are irrational, and the revised CM-TOPSIS can be used to replace it.
When the attributes have the same weight or no weight, the CD is independent of weight. Thus, the normalized values of the CD, CV, and IE can be compared. From Tables 2 and 3 , the normalized values of the three indicators are different, which may result in different rankings. Figure 2 illustrates the statistical relationships among the normalized CV, normalized IE, and normalized CD. In Figure 2 indicates that the difference of the coordination level among the journals is large, and some journals have high coordination level of attributes. Taking the CV as a reference, from Table 3 , the CV also has a wide domain [0.203, 1.752], and the largest CV is more than nine times as much as the smallest CV, which also indicates that the difference of the coordination level among the journals is large. Therefore, the calculated results of CM-TOPSIS [16] are irrational, and the revised CM-TOPSIS can be used to replace it. When the attributes have the same weight or no weight, the CD is independent of weight. Thus, the normalized values of the CD, CV, and IE can be compared. From Tables 2 and 3 , the normalized values of the three indicators are different, which may result in different rankings. Figure 2 illustrates the statistical relationships among the normalized CV, normalized IE, and normalized CD. In Figure 2 , the 45° line is given. All points on the 45° line have the same values of each component.
A significant logarithmic function relationship is observed between the normalized IE and normalized CD, and the fitting formula is y = 0.3902ln(x) + 1.0275, the R 2 of which is 0.9483. All the red points are located above the 45° line except point (1, 1), which indicates that the normalized IE is always larger than the normalized CD except the largest value of 1, and the dipartite degree of the normalized IE is lower than that of the normalized CD.
A significant logarithmic function relationship is also observed between the normalized CV and normalized CD, and the fitting formula is y = 0.8897ln(x) + 1.0171, the R 2 of which is 0.9948. Most of the blue points are located close to the 45° line, which indicates that the difference between the normalized CV and normalized CD is small. As shown in Tables 2 and 3 , the ranking results determined by CM-TOPSIS and CM-TOPSIS-CV are the same. The blue points located below the 45° line indicates that the normalized CV has a higher dipartite degree when the coordination level of attributes is low. A significant logarithmic function relationship is observed between the normalized IE and normalized CD, and the fitting formula is y = 0.3902ln(x) + 1.0275, the R 2 of which is 0.9483. All the red points are located above the 45 • line except point (1, 1), which indicates that the normalized IE is always larger than the normalized CD except the largest value of 1, and the dipartite degree of the normalized IE is lower than that of the normalized CD.
A significant logarithmic function relationship is also observed between the normalized CV and normalized CD, and the fitting formula is y = 0.8897ln(x) + 1.0171, the R 2 of which is 0.9948. Most of the blue points are located close to the 45 • line, which indicates that the difference between the normalized CV and normalized CD is small. As shown in Tables 2 and 3 , the ranking results determined by CM-TOPSIS and CM-TOPSIS-CV are the same. The blue points located below the 45 • line indicates that the normalized CV has a higher dipartite degree when the coordination level of attributes is low.
The Spearman's rank correlation coefficients (SRCC) between the normalized RC and the three normalized indicators are calculated respectively. The calculated results as well as the range of each normalized indicator are listed in Table 4 . As shown in Table 4 , the range of the normalized IE is 0.386, which is much smaller than that of the normalized CD and normalized CV. This means that the dipartite degree of the normalized IE is lower than that of the normalized CD and normalized CV. Due to the lowest dipartite degree, the SRCC of the normalized IE is the largest, which is 0.935. Since the difference between the normalized CV and normalized CD is small, the SRCCs of the two indicators are the same, and smaller than that of the normalized IE. From Table 3 , 77% of the journals have a normalized IE larger than 0.9, which also indicates that the dipartite degree of the normalized IE is low. Therefore, if the decision-maker expects a good dipartite degree of the coordination level, the CD and CV should be used to evaluate the coordination level of attributes. Since the application of the CD has some prerequisites, the CV is recommended. 
Case 2: Decision-Making for Real Estate Location
Location selection of a real estate project is influenced by many factors. The developers are always concerned about the costs and benefits such as land price and the future development of project. However, for the consumers, they will consider various factors of the real estate project when purchasing a house, such as house prices, traffic conditions, surroundings, and infrastructure. Any drawback of the project may affect the consumers' purchasing desire. Therefore, the coordination level of factors should be taken into account in decision-making for real estate location [18] . To compare C-TOPSIS-IE and C-TOPSIS-CV, and analyze the effect of weight on the coordination level of factors, the decision-making for real estate location [18] is taken as an example. Five factors for decision-making are "educational and medical conditions," "business environment," "land price," "transportation conditions," and "surroundings." The details of each proposed location are listed in Table 5 . The 100-point system is used to determine the scores of factors for the five locations [18] , as shown in Table 6 . The weights of the factors are 0.1, 0.2, 0.3, 0.3, and 0.1, respectively [18] . Four parks nearby; the nearest one is 0.9 km away Table 6 . Scores of the factors for the proposed locations [18] .
Factor
Location 1 Location 2 Location 3 Location 4 Location 5
Educational and medical conditions  65  90  90  88  80  Business environment  75  90  75  90  82  Land price  80  85  84  75  95  Transportation conditions  75  65  95  85  80  Surroundings  90  65  85  95  92 In this study, C-TOPSIS-IE and C-TOPSIS-CV are used to determine the optimum location. Since the 100-point system is used, normalization is not required. Absolute IS and NIS are adopted, which are {0, 0, . . . , 0} and {100, 100, . . . , 100} respectively. In this case, Equation (23) can be used to evaluate the coordinated level of factors. Although the NIS is {100, 100, . . . , 100} not {1, 1, . . . , 1}, it does not affect the calculation results. The coordinated TOPSIS based on the original TOPSIS and Equation (23) is abbreviated as C-TOPSIS-CD in this paper. The decision results of the several methods are listed in Tables 7 and 8 . Table 7 , the RCs have little difference between Location 3 and Location 5. Thus, the coordinated level of factors will be an important element affecting the decision result. Due to the low dipartite degree of the IE, the ranking determined by C-TOPSIS-IE is the same as that determined by TOPSIS, and the comprehensive evaluation value have little difference between Location 3 and Location 5. As for C-TOPSIS-CV, the comprehensive evaluation value has a significant difference between Location 3 and Location 5. Location 5 is determined as the best choice, which is the same as that determined by the multi-attribute decision-making method based on balance expectations [18] . From the sales, Location 5 is more popular with consumers [18] , which is consistent with the decision result. This validates the feasibility of C-TOPSIS-CV.
The ranking determined by C-TOPSIS-CD is the same as that determined by C-TOPSIS-CV, but the normalized CD is much different from the normalized CV. For example, Location 1 has the largest normalized CD but a normalized CV of 0.7890 that is much smaller than 1.000. This is because that the normalized CD is interrelated with the weights. The three factors of "business environment," "land price," and "transportation conditions" have a total weight of 0.8. If the weight is taken into account, the coordination level will mainly depend on the three factors. As shown in Table 6 , the scores of the three factors for Location 1 are 75, 80, and 75, the diversity of which is low. The CV of the three factors for Location 1 is 0.031, which is the smallest among the five Locations. As a result, Location 1 has the largest normalized CD. However, the score of "educational and medical conditions" for Location 1 is just 65, which may severely affect the consumers' purchasing desire. Therefore, the coordination level of factors should be independent of weight so as to obtain a reliable result.
Discussion
In this study, it was pointed out that the calculation formulas of the CD for CM-TOPSIS are incorrect, and revised calculation formulas of the CD were proposed for CM-TOPSIS. Meanwhile, the calculation formula of the CD for the original TOPSIS was also proposed. However, if the attributes are weighted, these calculation formulas of the CD are interrelated with the weights, which may be result in an irrational result. Therefore, the CV and IE that are independent of the weight were adopted to evaluate the coordination level of attributes. The comparison results show that the dipartite degree of the IE is lower than that of the CV. Therefore, if the decision-maker expects a good dipartite degree of the coordination level, the CV is recommended. The application of the CV has no prerequisite, and it is available for any normalization method. However, the application of the CD has an important prerequisite, which is that the IS is {1, 1, . . . , 1} and the NIS is {0, 0, . . . , 0}. If the prerequisite is satisfied or MMN is used, the CD can be used to evaluate the coordination level of attributes.
The CD, IE, and CV are all available for the original TOPSIS and modified TOPSIS to establish coordinated TOPSIS. The calculation formulas of the CD for the two methods are different, while that of the CV or IE is the same for the two methods. However, only when the weights of attributes are equal, the coordination level determined by the CD is independent of weight, and can be compared with that determined by the CV and IE. In this study, it is suggested that the coordination level of attributes should be independent of weight. Therefore, another prerequisite is needed for the application of the CD, which is that the weights of attributes are equal or there is no weight. If the decision-maker believes that the importance of attributes in the evaluation of coordination level is the same as that in decision-making or assessment, the weight should be taken into account in the coordination level. In this case, a weighted CV determined by the following equation can be used. 
If the weights of attributes are equal, Equation (38) can be transformed to Equation (33). The larger the weight of an attribute is, the greater the influence of the attribute on the coordinated level is.
Conclusions
CM-TOPSIS is a significant improvement of TOPSIS, which takes into account the coordination level of attributes in the decision-making or assessment. However, CM-TOPSIS has some limitations and problems listed as follows.
(1) CM-TOPSIS is not based on the original TOPSIS, which is frequently used for decision-making and assessment. (2) CM-TOPSIS has an important prerequisite, which is that the IS is {1, 1, . . . , 1} and the NIS is {0, 0, . . . , 0}. Thus, it is inapplicable when using VN.
(3) The calculation formulas of the CD for CM-TOPSIS are incorrect. (4) If the attributes are weighted, the coordination level of attributes is interrelated with the weights when using the CD.
In this study, the calculation formulas of the CD for CM-TOPSIS were revised, and that for the original TOPSIS was proposed. The evaluation results of JCR2016 robotics journal indicated that the revision of the calculation formulas of the CD was successful. However, the application of the CD has an important prerequisite, which is that the IS is {1, 1, . . . , 1} and the NIS is {0, 0, . . . , 0}. If the prerequisite is satisfied or MMN is used, the CD can be used to evaluate the coordination level of attributes. As the CD is interrelated with the weights, another prerequisite is needed for the application of the CD, which is that the weights of attributes are equal or there is no weight.
To avoid the limitations of CM-TOPSIS, the CV and IE that are independent of the weight were adopted to evaluate the coordination level of attributes. Combining the IE or CV and the original TOPSIS, two types of coordinated TOPSIS called C-TOPSIS-IE and C-TOPSIS-CV were proposed in this study. Two case studies were conducted to compare the IE and CV in evaluating the coordination level of attributes. The comparison results indicate that the dipartite degree of the IE is lower than that of the CV. Therefore, if the decision-maker expects a good dipartite degree of the coordination level, the CV is recommended. Moreover, the CV has no requirement for the normalization method, and is available for the original TOPSIS and modified TOPSIS. It is suggested to use C-TOPSIS-CV or CM-TOPSIS-CV as coordinated TOPSIS, the feasibility of which was validated by the case studies.
